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OxidationAbstract Kinetics and mechanism of oxidation of thioglycolic acid (TGA). Thiolactic acid (TLA)
and thiomalic acid (TMA) by tripropylammonium ﬂuorochromate (TriPAFC) have been studied in
N, N-dimethyl formamide (DMF). The reaction is ﬁrst order with respect to TriPAFC and thioacids
(TA). p-Toluene sulfonic acid (TsOH) is used as a source of hydrogen ions. The reaction is acid cat-
alyzed. The hydrogen ion dependence has the form: kobs = a+ b [H
+]. The reaction has been stud-
ied in different percentage of DMF–acetic acid mixture. The effect of dielectric constant of the
medium indicates the reaction to be of ion–dipole type. Various thermodynamic parameters for
the oxidation have been reported and discussed along with the validity of isokinetic relationship.
A suitable mechanism has been proposed.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The study of solute–solvent interactions in binary mixtures is
more complex than in pure solvents. In a pure solvent the com-
position of themicrosphere of solvation of a solute, the so-called
cybotatic region, is the same as in the bulk solvent, but in binary
mixtures the composition in this microsphere can be different.
The solute can interact to a different degree with the compo-
nents of the mixture, and this difference in the interactions is re-
ﬂected in the composition of the microsphere of solvation. Theeffect of varying the composition of the mixture from the bulk
solvent to the solvation sphere is called preferential solvation
(Bhuvaneshwari andElango, 2005). Speciﬁc and selective oxida-
tion of organic compounds under non aqueous conditions is an
important reaction in synthetic organic chemistry. For this, a
number of different chromium (VI) derivatives like tetraethy-
lammonium chlorochromate (Swami et al., 2010), tetrabutylam-
monium bromochromate (Ghammamy et al., 2007),
tetraheptylammonium bromochromate (Ghammamy et al.,
2009), tetrahexylammonium ﬂuorochromate (Koohestani
et al., 2008), tetramethylammonium ﬂuorochromate (Sadeghy
and Ghammami, 2005), tetraethylammonium chlorochromate
(Mansoor and Shaﬁ, 2011a,b), benzimidazolium ﬂuorochro-
mate (Mansoor, 2010; Mansoor et al., 2011), tributylammoni-
um chlorochromate (Mansoor and Shaﬁ, 2010a,b), tetraethyl
ammonium bromochromate (Mansoor and Shaﬁ, 2011a,b),
triethylammonium chlorochromate (Mansoor and Shaﬁ,
2010a,b), imidazolium dichromate (Mansoor and Shaﬁ, 2009),
S78 S. Sheik Mansoor et al.benzimidazolium dichromate (Kumar et al., 2011) and imidazo-
lium ﬂuorochromate (Mansoor and Shaﬁ, 2012) have been
developed to improve the selectivity of oxidation of organic
compounds. The kinetics and mechanism of oxidation of thio
acids by various oxidants have been reported (Asopa et al.,
1990; Rathore et al., 1994; Khurana et al., 1998; Gangwani
et al., 2000; Bhatt et al., 2001; Malini et al., 2008). However,
the kinetics of oxidation of thio acids by TriPAFC, a Cr(VI) re-
agent has not yet been studied. The present work reports the
kinetics of oxidation of thio acids by TriPAFC in different per-
centage of DMF–Acetic acid solvent mixture. Mechanistic as-
pects are also discussed.2. Experimental
2.1. Materials
Tripropylamine and chromium trioxide were obtained from
Fluka (Buchs, Switzerland). The thio acids used were thiogly-
colic acid (TGA), thiolactic acid (TLA) and thiomalic acid
(TMA). Dithiodiglycolic acid is obtained from Sigma Aldrich.
Dithiodimalic and dithiodilactic acids were prepared by the
oxidation of the corresponding thiols by ferric alum (Malini
et al., 2008). Acetic acid puriﬁed by a standard method and
the fraction distilling at 118 C was collected.
2.2. Preparation of tripropylammonium ﬂuorochromate
Tripropylammonium ﬂuorochromate is easily prepared as fol-
lows: Chromium (VI) oxide (15.0 g, 0.150 mol) was dissolved
in water in a polyethylene beaker and 40% hydroﬂuoric acid
(11.3 mL, 0.225 mol) was added with stirring at 0 C. To the
resultant orange solution, tripropylamine (28.3 mL,
0.150 mol) was added drop wise with stirring to this solution
over a period of 0.5 h and stirring was continued for 0.5 h at
0 C. The precipitated orange solid was isolated by ﬁltration,
washed with petroleum ether (3 · 60 ml) and dried in vacuum
for 2 h at room temperature (Ghammamy and Hashemzadeh,
2004). Yield 37.5 g (95%); mp 142 C.
NðC3H7Þ3
Tripropyl amine
!CrO3=40%HF
0

C
ðC3H7Þ3NHþ ½CrO3F
Tripropylammonium fluorochromate
ð1Þ
The bright orange crystalline reagent can be stored in poly-
ethylene containers for more than one year without decompo-
sition. The chromium (VI) content may be easily determined
iodometrically.
2.3. Kinetic measurements
The pseudo – ﬁrst-order conditions were attained by maintain-
ing a large excess (·15 or more) of thio acids over TriPAFC.
The solvent was DMF, unless speciﬁed otherwise. The reac-
tions were followed at constant temperatures (±0.01 K), by
monitoring the decrease in [TriPAFC] spectrophotometrically
at 370 nm using UV–Vis spectrophotometer, Shimadzu UV-
1800 model. The pseudo-ﬁrst-order rate constant kobs, was
evaluated from the linear (r= 0.990–0.999) plots of log [TriP-
AFC] against time for up to 80% reaction. The second order
rate constant k2, was obtained from the relation k2 = kobs/
[TA].2.4. Data analysis
Correlation analysis was carried out using Microcal origin
(version 6) computer software. The goodness of the ﬁt was dis-
cussed using the correlation coefﬁcient (r in the case of simple
linear regression and R in the case of multiple linear regres-
sion) and standard deviation (SD)
3. Results and discussion
3.1. Stoichiometric studies
The stoichiometric studies for the oxidation of thio acids by
TriPAFC were carried out with oxidant in excess. The thio
acids and TriPAFC were mixed in the ratio 1:4, 1:5, 1:6 and
were allowed to react for 24 h at 303 K in DMF. The concen-
tration of unreacted TriPAFC was determined. D [TriPAFC]
was calculated. The stoichiometry was calculated from the ra-
tio between [TA] and [TriPAFC]. The reaction exhibited a 1:2
stoichiometry, i.e., two moles of the thio acids are reacted with
one mole of TriPAFC. The oxidation state of chromium in
completely reduced reaction mixtures, determined by an iodo-
metric method is 3.94 ± 0.18.
Stoichiometric analysis showed the following overall
reaction:
2RCHðCOOHÞ–S–HþO2CrFONHþðC3H7Þ3 þHþ
! RCHðCOOHÞ–S–S–CHðCOOHÞRþH2O
þOCrFONHþðC3H7Þ3 ð2Þ3.2. Product analysis
The product analysis was carried out under kinetic conditions.
In a typical experiment, thioglycolic acid (0.1 mol) and TriP-
AFC (0.01 mol) were made up to 100 ml in DMF and kept
in the dark for 24 h at 303 K under stirring to ensure comple-
tion of the reaction. The solvent was removed by distillation.
The residue was then extracted with ether. The extract was
dried over anhydrous sodium sulfate. The residue was sub-
jected to TLC analysis on a silica 63 gel plate developed in a
solvent system of n-butanol–acetic acid–water (40–10–50%,
upper layer was used). The residue gave only one spot, which
was made visible by exposure to iodine. The formation of
product as dithiodiglycolic acid was identiﬁed by its m.p
130–132 C. (Reported value in the literature is 128–131 C).
Formation of dithiodiglycolic acid was further conﬁrmed by
mixing the product with authentic sample of dithiodiglycolic
acid and noting that there was no change in the melting point.
It was also conﬁrmed by mass and elemental analysis. MS
(ESI): m/z 183 (M+ H)+. Anal. Calcd for C4H6O4S2: C,
26.34; H, 3.29. Found: C, 26.40; H, 3.33. Similar experiments
were performed with thiolactic and thiomalic acids also.
3.3. Effect of varying TriPAFC concentration
The concentration of TriPAFC was varied in the range of
1.0 · 103 to 5.0 · 103 mol dm1 at constant [TA], [H+] at
303 K and the rates were measured (Table 1). The near con-
stancy in the value of kobs irrespective of the concentration
conﬁrms the ﬁrst order dependence on TriPAFC.
Table 1 Effect of variation of [TA], [TriPAFC] and [H+] on the rate of the reaction in DMF medium at 303 K.
103[TriPAFC] (mol dm3) 102[TA] (mol dm3) [H+] (mol dm3) 105 k1 (s
1)
TGA TLA TMA
1.0 2.0 0.0 15.68 58.80 27.60
2.0 2.0 0.0 15.42 58.50 27.32
3.0 2.0 0.0 15.36 58.42 27.46
4.0 2.0 0.0 15.56 58.72 27.44
5.0 2.0 0.0 15.86 58.86 27.52
1.0 1.0 0.0 7.58 28.90 13.46
1.0 1.5 0.0 11.44 42.00 19.94
1.0 2.5 0.0 18.80 71.80 33.88
1.0 3.0 0.0 23.22 86.20 39.90
1.0 2.0 0.1 23.20 79.12 40.56
1.0 2.0 0.2 30.12 102.42 52.40
1.0 2.0 0.4 38.42 127.12 66.14
1.0 2.0 0.6 47.12 155.40 80.56
1.0 2.0 0.8 56.40 180.40 96.84
1.0 2.0 1.0 66.10 211.08 115.20
1.0 2.0 0.0 15.52 58.30 27.18a
a Contained 0.001 mol dm1 acrylonitrile.
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Figure 1 Showing order plot of thio acids for the oxidation of
thio acids by TriPAFC.
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The concentration of the substrates TGA, TLA and TMA was
varied in the range of 1.0 · 102 to 3.0 · 102 mol dm1 at
303 K and keeping all other reactant concentrations as con-
stant and the rates were measured (Table 1). The rate of oxida-
tion increased progressively on increasing the concentration of
thio acids. The plot of log k1 versus log [TA] gave the slope of
1.01 (r= 0.999), 1.05 (r= 0.999) and 1.03 (r= 0.999) respec-
tively for TGA, TLA and TMA, respectively (Fig. 1). Under
pseudo-ﬁrst-order conditions, the plot of 1/k1 versus 1/[TA]
were linear with a negligible intercept indicating that the inter-
mediate formed in a slow step got consumed in a subsequent
fast step.
3.5. Effect of acidity
The reaction is catalyzed by hydrogen ions (Table 1). The hydro-
gen ion dependence has the following form kobs = a+ b [H
+].
The values of a and b, for thio acids are determined. The values
of a and b at 303 K for TGA, TLA and TMA are
(a= 18.14 ± 0.44 · 105 s1; b= 48.44 ± 0.69 · 105 mol
1 dm3 s1), (a= 65.58 ± 0.94 · 105 s1; b= 146.88 ±
0.98 · 105 mol1 dm3 s1) and (a= 31.66 ± 1.14 · 105 s1;
b= 83.38 ± 1.78 · 105 mol1 dm3 s1), respectively. TriP-
AFC may become protonated in the presence of acid. The pro-
tonated TriPAFC may function as an effective oxidant.
O2CrFO
NHþðC3H7Þ3
þHþ ðOHÞOCrþFONHþðC3H7Þ3 ð3Þ
The formation of a protonated Cr(VI) species has earlier
been postulated in the reactions of structurally similar PCC
(Sharma et al., 1997) and PFC (Sharma et al., 1996).
3.6. Induced polymerization of acrylonitrile
Vinyl monomers like acrylonitrile are added to the reaction
mixture under nitrogen atmosphere to ﬁnd out whether thereaction under investigation involves the formation of free rad-
icals as the reaction intermediates. In the present study, freshly
distilled acrylonitrile free from inhibitor is added to the reac-
tion mixture. After the completion of the reaction, the reaction
mixture is diluted with methanol to observe the formation of
polymer. It is observed that the oxidation reaction does not in-
duce the polymerization (Table 1). Thus, a one-electron oxida-
tion giving rise to free radicals is unlikely.
3.7. Effect of varying ionic strength of reaction rate
The effect of ionic strength was studied to observe the effect of
salt on the rate of oxidation in Debye–Huckel limit by varying
concentration of NaClO4 from 0.01 to 0.05 mol dm
3 pro-
vided other conditions being constant. The rate of reaction re-
mains almost unchanged while increasing the NaClO4
Table 2 Effect of ionic strength on the oxidation of thio acids
by TriPAFC in DMF medium at 303 K.
102[NaClO4] (mol dm
3) TGA 105 k1 (s
1)
TLA TMA
0.0 23.20 79.12 40.56
1.0 23.12 79.10 40.46
2.0 23.08 79.02 40.44
3.0 23.28 79.06 40.38
4.0 23.02 79.00 40.32
5.0 23.16 79.02 40.58
102[TA] = 2.0 mol dm3; 103[TriPAFC] = 1.0 mol dm3;
10[H+] = 1.0 mol dm3.
S80 S. Sheik Mansoor et al.concentration. It proves that interaction in rate determining
step is not of ion–ion type (Laidler, 2005). (Table 2).
3.8. Effect of added MnSO4 concentration
In oxidation process to ﬁnd out effect and involvement of var-
ious oxidation states such as [Cr(V)] and [Cr(IV)], we have
studied the effect of [MnSO4] on the rate of oxidation by vary-
ing in the range from 0.001 to 0.005 M (Table 3). It has been
observed that addition of low concentration of Mn(II) ion
can be explained by the disproportion of intermediate valence
states of Cr(IV) and Cr(V). The addition of Mn(II) ﬁxes the
Cr(IV) species as Cr(III) and thus the total concentration of
Cr(IV) available in a given time is lowered by the addition ofTable 3 Effect of [MnSO4] on the oxidation of thio acids by
TriPAFC in DMF medium at 303 K.
103[MnSO4] (mol dm
3) TGA 105 k1 (s
1)
TLA TMA
0.0 23.20 79.12 40.56
1.0 21.64 74.18 37.46
2.0 19.02 70.02 34.24
3.0 18.24 67.36 33.38
4.0 17.08 63.08 31.52
5.0 15.16 60.22 29.98
102[TA] = 2.0 mol dm3; 103[TriPAFC] = 1.0 mol dm3;
10[H+] = 1.0 mol dm3.
Table 4 Effect of varying solvent polarity on the rate of the oxida
%Acetic acid–DMF(v/v) constant Dielectric 1/
0:100 38.30 0.
10:90 34.11 0.
20:80 30.19 0.
30:70 26.52 0.
40:60 23.08 0.
50:50 19.85 0.
60:40 16.80 0.
70:30 13.92 0.
102[TA] = 2.0 mol dm3; 103[TriPAFC] = 1.0 mol dm3.Mn(II) and hence observed deceleration with increasing
addition of Mn(II) ion. This may be taken as evidence for
the formation of Cr(IV) species and hence TriPAFC acts as
a two-electron transfer oxidant (Karunakaran and Suresh,
2004; Khan et al., 2004).
3.9. Effect of solvent polarity on reaction rate
The oxidation of thio acids has been studied in the binary mix-
ture of DMF–acetic acid mixture. For the oxidation of TGA,
TLA and TMA, the reaction rate increased remarkably with
the increase in the proportion of acetic acid in the solvent med-
ium. These results are presented in Table 4.
The effect from solvent composition on the reaction rate
was studied by varying the concentration of acetic acid from
0% to 70%. The pseudo-ﬁrst-order rate constants were esti-
mated for the oxidation of thio acids, with TriPAFC. The reac-
tion rate increases markedly with the increase in the
proportion of acetic acid in the medium (Table 4). When the
acid content increases in the medium, the acidity of the med-
ium is increased whereas the dielectric constant of the medium
is decreased. These two effects cause the rate of the oxidation
to increase markedly. The enhancement of the reaction rate
with an increase in the amount of acetic acid generally may
be attributed to two factors, viz, (i) the increase in acidity
occurring at constant [H+], and (ii) the decrease in the dielec-
tric constant with an increase in the acetic acid content.
The plot of log k1 versus 1/D (dielectric constant) is linear
with positive slope suggesting the presence of either dipole–
dipole or ion–dipole type of interaction between the oxidant
and the substrate (Scatchard, 1932, 1939) (Fig. 2). Plot of
log k1 versus (D  1)/(2D+ 1) is a curvature indicating the
absence of dipole–dipole interaction in the rate determining
step. Positive slope of log k1 versus 1/D plot indicates that
the reaction involves a cation–dipole type of interaction in
the rate determining step.
Amis (1967) holds the view that in an ion–dipole reaction
involving a positive ionic reactant, the rate would decrease
with increasing dielectric constant of the medium and if the
reactant was to be a negatively charged ion, the rate would in-
crease with the increasing dielectric constant. In this case there
is a possibility of a positive ionic reactant, as the rate decreases
with the increasing dielectric constant of the medium (Amis,
1967). Due to the polar nature of the solvent, transition state
is stabilized, i.e., the polar solvent molecules surround the
transition state and result in less disproportion.tion of TA by TriPAFC at 303 K.
D 105 k1 (s
1)
TGA TLA TMA
0261 15.68 58.80 27.60
0293 16.90 63.10 30.08
0331 18.42 71.04 32.46
0377 21.12 79.92 36.94
0433 23.32 93.98 42.76
0504 28.12 115.08 51.18
0595 34.06 139.88 64.82
0718 45.20 185.24 84.84
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Figure 2 Plot of 1/D against log kobs showing the effect of
solvent polarity for the oxidation of thio acids by TriPAFC.
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Figure 3 Exner’s plot for the oxidation of thio acids by
TriPAFC between 3 + log k2 (at 313 K) and 3 + log k2 (at
303 K).
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The kinetics of oxidation of TGA, TLA and TMA were stud-
ied at four different temperatures viz., 298, 303, 308 and 313 K.
The second order rate constants were calculated (Table 5). The
Arrhenius plot of log k2 versus 1/T is found to be linear. The
enthalpy of activation, entropy of activation and free energy of
activation were calculated from k2 at 298, 303, 308 and 313 K
using the Eyring relationship by the method of least square
and presented in Table 5. The least square method gives theTable 5 Second order rate constants and activation parameters and
%AcOH –DMF (v/v) 103 k2 (dm
3 mol1 s1) Ea kJ mo
298 K 303 K 308 K 313 K
TGA
0:100 5.44 7.84 10.96 15.60 54.18
10:90 5.65 8.45 13.16 19.60 66.44
20:80 6.68 9.21 13.20 19.80 56.10
30:70 8.12 10.56 13.80 19.94 45.76
40:60 8.16 11.66 16.60 25.30 60.12
50:50 10.41 14.06 18.68 25.44 45.57
60:40 11.82 17.03 24.40 34.40 55.14
70:30 17.12 22.60 29.40 40.54 44.04
TLA
0:100 23.70 29.40 36.44 46.66 34.8
10:90 23.90 31.55 44.20 60.90 53.42
20:80 26.30 35.52 46.16 61.44 43.46
30:70 26.40 39.96 59.06 84.40 60.12
40:60 36.14 46.99 61.08 81.80 41.93
50:50 42.94 57.54 77.10 103.30 45.95
60:40 49.25 69.94 99.32 137.06 53.03
70:30 59.75 92.62 140.40 212.90 65.48
TMA
0:100 10.22 13.80 18.63 24.82 45.95
10:90 12.04 15.04 18.60 22.80 32.55
20:80 12.18 16.23 24.30 35.04 54.00
30:70 13.00 18.47 25.85 36.72 53.92
40:60 16.44 21.38 27.80 35.57 39.82
50:50 17.00 25.59 37.36 53.80 61.27
60:40 22.50 32.41 46.68 67.20 56.48
70:30 32.60 42.42 56.39 73.30 42.12
102[TA] = 2.0 mol dm3; 103[TriPAFC] = 1.0 mol dm3.values and standard errors of enthalpy and entropy of activa-
tion respectively. Statistical analysis of the Eyring equation
clearly conﬁrms that the standard errors of DH# and DS# cor-
relate (Lente et al., 2005). The entropy of activation is negative
for thio acids. The negative entropy of activation in conjunc-
tion with other experimental data supports the mechanism of
oxidation.for the oxidation of TA by TriPAFC.
l1 DH# kJ mol1 DS# JK1 mol DG# kJ mol1 (at 303 K)
114.98 ± 2.5 51.51 ± 0.9 86.34 ± 1.6
79.25 ± 3.0 62.22 ± 1.0 86.23 ± 2.0
107.20 ± 2.5 53.42 ± 0.9 85.90 ± 1.6
138.56 ± 3.2 43.27 ± 1.1 85.24 ± 2.2
98.58 ± 5.4 55.52 ± 1.8 85.38 ± 3.5
137.26 ± 3.0 43.46 ± 1.0 85.05 ± 1.9
104.90 ± 0.6 52.65 ± 0.2 84.43 ± 0.4
139.37 ± 0.6 41.54 ± 0.2 83.76 ± 0.4
167.84 ± 3.2 32.35 ± 1.1 83.20 ± 2.1
105.86 ± 2.6 50.93 ± 0.9 83.00 ± 1.6
137.65 ± 2.6 40.97 ± 0.9 82.67 ± 1.6
81.93 ± 1.8 57.44 ± 0.6 82.26 ± 1.2
140.14 ± 3.6 38.29 ± 1.2 80.75 ± 2.3
127.50 ± 1.8 42.88 ± 0.6 81.51 ± 1.2
100.31 ± 0.6 49.78 ± 0.2 80.17 ± 0.4
56.84 ± 1.2 62.99 ± 0.4 80.21 ± 0.8
137.45 ± 1.0 43.46 ± 0.3 85.10 ± 0.6
179.38 ± 0.5 30.63 ± 0.2 84.98 ± 0.4
104.90 ± 4.5 51.69 ± 1.4 83.47 ± 2.7
110.08 ± 2.4 50.93 ± 0.8 84.28 ± 1.5
153.54 ± 0.6 37.52 ± 0.2 84.05 ± 0.4
87.71 ± 1.2 56.86 ± 0.4 83.43 ± 0.8
95.33 ± 2.4 53.99 ± 0.8 82.87 ± 1.5
140.90 ± 2.1 39.44 ± 0.7 82.13 ± 1.4
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Figure 4 Exner’s plot for the oxidation of thioglycolic acid by
TriPAFC between 3 + log k2 (at 313 K) and 3 + log k2 (at 303 K)
at various percentage of DMF–acetic acid mixture.
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S82 S. Sheik Mansoor et al.3.11. Isokinetic relationship
The reaction is neither isoenthalpic nor isoentropic but com-
plies with the compensation law also known as the isokinetic
relationship.
DH# ¼ DHo þ bDS# ð4Þ
The isokinetic temperature b is the temperature at which all
the compounds of the series react equally fast. Also, at the isoki-
netic temperature, the variation of substituent has no inﬂuence
on the free energy of activation. Exner (Bhuvaseshwari and
Elango, 2007) suggested a method of testing the validity of
isokinetic relationship. The isokinetic relationship is tested by
plotting the logarithms of rate constants at two different tem-
peratures (T2 > T1) against each other according to Eq (5).
log k ðatT2Þ ¼ aþ b log kðatT1Þ ð5Þ
The linear relationship in Exner plots (Exner, 1964; Exner
et al., 1973) at 3 + log k2 (303 K) and 3 + log k2 (313 K) ob-
served in the present study implies the validity of the isokinetic
relationship. Isokinetic temperature obtained is 372 K (Fig. 3).R
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ylammonium ﬂuorochromate in the presence of p-TsOH.
Kinetics and thermodynamics of oxidation of some thio acids by tripropylammonium ﬂuorochromate S83The linear isokinetic correlation implies that TGA, TLA and
TMA are oxidized by the same mechanism and the changes
in the rate are governed by the changes in both the enthalpy
and entropy of activation (Lefﬂer and Grunwald, 1963). The
isokinetic relationship of TGA in different percentage of
DMF–Acetic acid solvent mixture is shown in Fig. 4. The exis-
tence of a linear relationship (slope = 0.8394, r= 0.996, isoki-
netic temperature = 378 K) between 3 + log k2 (303 K) and
3 + log k2 (313 K) indicates that a common mechanism is
operating in all studied solvent mixture systems.
3.12. Mechanism of oxidation
Based on the above kinetic observations the following mecha-
nism is proposed for the reaction. Absence of any effect of
added acrylonitrile on the reaction discounts the possibility
of a one-electron oxidation, leading to the formation of free
radicals. The observed solvent effect supports a transition
state, which is more polar than the reactant state. Therefore,
a mechanism involving a direct transfer from S–H group to
TriPAFC is suggested. The observed hydrogen- ion depen-
dence can be explained by assuming a rapid reversible proton-
ation of the oxidant (Scheme 1). TriPAFC may become
protonated in the presence of acid. The protonated TriPAFC
may function as an effective oxidant.
The abovemechanism is supported by the observed activation
parameters. Bimolecular reactions usually exhibit negative entro-
py of activation. As the activated complex is formed, the reac-
tants lose their freedom to move independently. Further, as the
charge separation takes place in the transition state, the charged
ends get solvated by solvent molecules (Malini et al., 2008). This
results in immobilization of large number of solvent molecules.
This also results in unfavourable entropy. The observed large
negative entropy of activation thus supports the above mecha-
nism. The proposed mechanism is supported by the relative reac-
tivity also. The observed reactivity is TLA> TMA> TGA.
TLA has an electron donating methyl group, which makes the
transfer of a hydride ion easy as compared to that in TGA. In
TMA, the presence of carboxylic acid reduces the electron-donat-
ing tendency of the methyl group, reﬂected in a lower rate.
4. Conclusions
The kinetics of oxidation of TGA, TLA and TMA have been
investigated in DMF–acetic acid medium by spectrophotomet-
ric method at 303 K. The oxidation of thio acids by TriPAFC
is ﬁrst order each with respect to the thio acids and TriPAFC.
The oxidation is catalyzed by p-toluene sulfonic acid. The low-
ering of dielectric constant of reaction medium increases the
reaction rate signiﬁcantly. The reaction does not show the
polymerization, which indicates the absence of free radical
intermediate in the oxidation. The order of reactivity is
TLA> TMA> TGA.Acknowledgements
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